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Palavras-chave 
 
Chiroptera, conservação da biodiversidade, sensibilização e educação 
ambiental, relação entre conhecimento e atitude 
Resumo 
 
 
Os morcegos são animais que desempenham um papel importante para o 
equilíbrio dos ecossistemas naturais, mas também nas paisagens/ecossistemas 
humanizados através dos serviços de ecossistema que prestam. Infelizmente, 
são frequentemente associados a crenças e mitos pejorativos o que os torna 
mal vistos aos olhos da população. Neste sentido, as atividades de educação 
ambiental são importantes para a alteração desta perceção e o aumento do 
conhecimento do público sobre a importância destes animais. Este estudo teve 
como objetivo avaliar se eventos de comunicação de ciência de curta duração 
têm efeito positivo sobre o conhecimento e atitudes dos participantes em relação 
aos morcegos. Foram também estudados quais os fatores que influenciam o 
conhecimento e as atitudes antes e depois da formação, assim como os fatores 
responsáveis pela evolução entre os dois momentos. De 2013 a 2017, foram 
levadas a cabo atividades de educação ambiental que consistiam numa 
introdução teórica sobre os morcegos e uma saída de campo. Após a atividade, 
os participantes foram convidados a responder a um inquérito “online” sobre a 
atividade. Foi obtida informação referente a 143 inquéritos que foi 
posteriormente analisada estatisticamente. O conhecimento estimado e 
percecionado aumentou e as atitudes estimadas e percecionadas dos 
participantes melhoraram depois da participação na atividade. Cerca de um 
terço dos inquiridos atingiram a classificação máxima no nível de conhecimento 
sobre ecologia e diversidade de morcegos, antes da formação. Esta 
percentagem aumentou após a atividade, com 90% dos respondentes a 
atingirem a classificação máxima no conhecimento. O mesmo padrão foi 
observado para a atitude. A percentagem de participantes com boa atitude 
passou de 50% antes da atividade para 95% depois da atividade. A formação 
superior em ciências biológicas (HEBS) foi a variável que melhor explicou a 
evolução das atitudes dos participantes antes e depois da atividade. Por outro 
lado, as variáveis referentes ao conhecimento foram melhor explicadas 
principalmente por modelos híbridos envolvendo variáveis relativas à educação 
e demografia. Os resultados mostram que os eventos de educação ambiental 
de curta duração podem contribuir para o aumento do conhecimento do público 
e melhorar as atitudes para com estes animais, o que pode resultar em impactos 
positivos na conservação dos morcegos. 
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Abstract 
 
Bats have an important role in the equilibrium of natural and urbanized 
ecosystems because of the ecological services they provide. Unfortunately, bats 
are associated with negative myths and beliefs that make people fear and have 
disgust about them. Environmental education activities are important to change 
this perception and contribute to the education of the public about the importance 
of these animals. This study had the objective of evaluate if short events of 
science communication could have a positive effect on the knowledge and 
attitudes of the participants toward bats. We also studied which factors 
influenced the knowledge and attitudes prior and after the formation, as well as 
the variables responsible for the evolution between both moments. From 2013 
to 2017, were performed environmental education activities, which consisted in 
a theoretical introduction about bats and a field trip. After the activity, the 
participants were invited to respond to an online survey about the activity. We 
obtained data from 143 surveys that was posteriorly statistically analysed. The 
perceived and estimated knowledge increased, and the perceived and estimated 
attitudes of the participants improved after the participation in the activity. About 
one third of the respondents reached the maximum classification of knowledge 
about the ecology and diversity of bats, before the activity. However, after the 
activity, this percentage increased, with 90% of the participants achieving the 
maximum level of knowledge. A similar pattern was observed with the attitude. 
The percentage of participants with good attitude increased from 50% before the 
activity to 95% before the activity. The higher education on biological sciences 
(HEBS) was the variable that better explained the evolution of attitude of the 
participants prior and after to the activity. Knowledge, however, was better 
explained mainly by hybrid models combining education/profession and 
demography variables. These results show that short events of environment 
education can contribute to the increase of public knowledge and improve 
attitudes toward these animals that have a positive impact in the conservation of 
bats.  
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Introduction 
 
A global view on bats: how many and how different?  
 
Bats, or more formally Chiroptera, represent the second largest order of mammals 
with more than 1300 known species, and comprises approximately 20% of the species 
within Mammalia (Gunnell and Simmons, 2005; Fenton and Simmons, 2015; IUCN, 2018). 
Bats are present in all continents except for Antarctica and have a wide ecological diversity 
(Wilson and Reeder, 2005). The main difference between bats and other mammal taxa is 
that bats are the only group capable of powered fly, unlike other mammal species, like 
Dermoptera, that are only able of gliding (Myers, 2000). Bats´ hands have elongated 
metacarpal bones and phalanges connected by interdigital skin membranes (patagia) that 
function as wings (Simmons et al., 1997; Gunnell and Simmons, 2005).  
Bats are mainly active during the night and rest in roosts during the day. There are 
plenty of different roosts used by bats such as caves, rock crevices, tree cavities and canopy 
(Kunz, 1982). Chiroptera includes two suborders: Microchiroptera and Megachiroptera. 
However, the taxonomy of this group is still debated, since some authors argue that the 
superfamily Rhinolophoidea is phylogenetically closer to Pteropodoidea (megachiroptera) 
than to microbats, and that Yangochiroptera and Yinpterochiroptera (Rhinolophoidea and 
Pteropodoidea) should be adopted as suborders based on phylogeny (Springer et al., 2001; 
Van Den Bussche, 2004; Teeling et al., 2005). Microchiroptera bats are in general small and 
have complex noses and ears specialized in echolocation that enabled them to explore 
different kinds of habitats and resources. Although they can hear and see, echolocation is 
the prime sense they use during the flight to explore the surroundings, hunt and find water. 
Due to their morphological structure and the use of their senses, bats have an exceptional 
capability to perform aerial manoeuvres (Schnitzler et al., 2003; Gunnell and Simmons, 
2005; Holland, 2007). 
Microbats are mostly insectivorous, but diet is diverse within this group and 
includes species that feed on vertebrates (including fishes, amphibians and small 
mammals), plants (including fruit and nectar) or even blood (Kunz et al., 2011). There are 
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only three species of hematophagous bats that exist exclusively in Central and South 
America and preferentially feed on the blood of livestock (Mayen, 2003; Johnson et al., 
2014). Megachiroptera, also known as Old World fruit bats, are bigger and heavier than 
microbats. Some authors defend that megabats lost their echolocation capability (Springer 
et al., 2001). This hypothesis has not yet been fully understood. However, it is known that 
Megachiroptera have well developed vision and smell which they use as main senses. These 
bats are phytophagous, and feed essentially on nectar, pollen, fruits and leaves (Marshall, 
1985; Courts, 1998). 
Taxonomically, Chiroptera is divided in 18 families, four of which have more than 
100 species each, and contribute approximately to 77% of the diversity of bats. 
Pteropodidae is the only family of Megachiroptera and comprises 187 known species. It is 
the most threatened family of bats, with 33% of its species facing risk of extinction. The 
most numerous bat family, Vespertilionidae, includes 426 species, from which over 11% 
have an unfavourable conservation status. The Phyllostomidae family (Neotropical bats) 
comprises 191 species and almost 7% of them are threatened. There are more than 100 
species from family Molossidae and 9% of them are also threatened. Hipposideridae is also 
a large family with 88 species, from which almost 19% are currently threatened (IUCN, 
2018). Bats are important animals that benefit the stability of the environment and thus 
their preservation is crucial. From the currently known ca. 1300 bat species, 15% have an 
unfavourable conservation status (Vulnerable, Endangered or Critical Endangered) and 
6,6% are Near Threatened. Around 18% of all bat species are insufficiently known and for 
that reason it is not possible to attribute a proper conservation status (Figure 1.) (IUCN, 
2018). Nearly 40% of the known bat species are almost or already threatened or are 
insufficiently known.  
Only four families of bats exist in Europe, in a total of 50 species: Emballonuridae 
and Molossidae families have only 1 species each; Rhinolophidae is represented by 5 
species; and Vespertilionidae is the most diverse family with 43 species (Eurobats, 2018). 
Portugal’s bat fauna includes 27 bat species from 3 different families (Rhinolophidae, 
Vespertilionidae and Molossidae). According to Rainho and collaborators (2013), 10 of 
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these species are classified as ‘data defficient’, 11 have a unfavourable conservation status 
(vulnerable, endangered or critically endangered) and six are considered of least concern.  
 
 
 
What is the ecological value of bats and which ecosystem services do they 
provide? 
 
Bats play an important role in the equilibrium of the ecosystems and thus provide 
numerous benefits to human societies. Bats are both primary and secondary consumers 
and their diet is very diverse (Kunz et al., 2011). 
Nectivorous bats have a primary role as pollinators or seed dispersers of the plants 
they feed on and contribute to their diversity, by enabling sexual reproduction that 
increase their genetic variability (Kelm et al., 2008). This is particularly important in tropical 
forests where almost all flowering plants need to be pollinated by animals (Bawa, 1990). 
Bumrungsri et al. (2008, 2009), studied the pollination ecology of tree plants like Parkia 
speciose, Parkia timoriana and Durio zibethinus in which Eonycteris spelaean, a fruit bat, 
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Figure 1. Percentage of all known bat species according to their conservation status. EX-Extinct; CR-
Critically Endangered; VU-Vulnerable; NT-Near Threatened; LC-Least Concern; DD-Data Deficient 
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was the most effective - and in some cases, the only - pollinator of those plants. The success 
of this process is particularly important in places where plants are crucial food and medical 
resources (Bumrungsri et. all, 2013). Seed dispersal is an important factor that ensures the 
diversity of forests. Frugivorous bats contribute to the stability of forests by dispersing 
seeds across different ecosystems (Bawa,1990), which is especially significant in deforested 
areas (Kelm et al., 2008). 
 Over two thirds of bat species are insectivorous. They feed mostly on insects but 
also on other arthropods (Kunz et al., 2011). When at high density, insect and arthropods 
populations can have negative impacts on ecosystems. Excessive herbivory can be a 
problem caused by arthropods in high density, which prevent plant survival, growth and 
reproduction, while also decreasing botanical diversity (Kalka et al., 2008; Williams-Guillén 
et al., 2008). Pest species have a big impact on agriculture and consequently on human 
populations (Pimentel et al., 1993; Wanger et al., 2014). Pathogen transmission to humans 
and other mammals is another problem caused by the increase in insect populations. 
Insectivorous bats have an extraordinary capability to control insect and arthropod 
densities and prevent this problem (Kalka et al., 2008; Wanger et al., 2014). Coutts and 
collaborators (1973) estimated that, in captivity, bats can eat up to 25% of their body 
weight in insects per night, although, this percentage can be higher in the wild, due to 
higher energetic demand (Kunz et al., 2011). During the pregnancy and lactation period, 
this energetic demand will be more than doubled and can reach, at the peak of lactation, 
over 100% of the body weight of the animal. For example, a 9-grams little brown bat Myotis 
lucifugus female can feed on 9,9g of insects, at the peak of lactation (Kurta et al., 1989).  
Bats and their conservation can have an enormous positive impact on economy. The 
economic value of bats was estimated to contribute to between 2 and 29% of the value of 
a $6 Million cotton production in South-Texas (Cleveland et al., 2006). Boyles and co-
authors (2011), estimated that in the USA only these animals are responsible for saving 
between $3.7 billion and $53 billion per year in the agricultural sector. These estimations 
do not include the negative impacts of using pesticides, and the regulatory effect bats can 
have on supressing forest insects that would for sure increase these figures. They also show 
that the conservation of bats is highly beneficial to agriculture and to the environment due 
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to the reduction of pesticides needed to eliminate the arthropods that bats feed on (Boyles 
et al., 2011). Another benefit we can obtain from bats is the use of guano as a natural 
fertilizer. The nutrients present in bat’s feaces improve the soil’s richness while the 
microflora from bats help to clean toxins that may be present in the soil as well as prevent 
the appearance of harmful microorganisms improving the conditions for plants to grow 
(Shetty et al., 2013; Sothearen et al., 2014).  
 
Which are the main threats to bats? 
 
As previously mentioned around 15% of bat species have unfavourable 
conservation status (IUCN, 2018). The main causes threatening bat populations are related 
to human activities. In Africa, Asia and some countries of South America, bats are hunted 
for bushmeat or tradicional medicine. The most affected bats are Pteropodidae from which 
50% of the species are hunted (Mildenstein et al., 2016). In the tropics, the increase in the 
pace of deforestation by logging activity and conversion of forests into other land uses, like 
agriculture, is directly affecting bats diversity and abundance by fragmentation of their 
natural habitats (Meyer et al., 2016). As a result, bats often change their behavioural 
patterns, like dispersion movements, home ranges and interspecific interactions (Fischer 
and Lindenmayer, 2007). Habitat fragmentation can also be caused as a consequence of 
the construction of human infrastructures, such as roads. This leads to lower levels of bat 
diversity and reproductive success. Roadkills are also a problem that affects the abundance 
of bats near these structures (Altringham and Kerth, 2016). Microchiroptera bats are 
nocturnal animals and have high sensibility to light in urban areas. Some opportunistic 
insectivorous bats can benefit from street light because of the concentration of preys 
attracted by the luminosity but on the other hand frugivorous bats tend to feed away from 
illuminated areas, because is more energetic expensive (Rowse et al., 2016). 
Other anthropogenic structures represent threatening factors for bats. One major 
problem is the implementation of wind turbine fields. While in flight, bats can be hit directly 
by the wind turbine plates or be affected by barotrauma, a quick reduction of air pressure 
near the turbine that can cause internal tissue damage and lead to death (Baerwald et al., 
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2008). As a result, the migratory and foraging bat populations can be reduced (Peste, 2015; 
Frick, 2017). It is unclear why this happens, but several hypotheses have been placed to try 
to explain this phenomenon such as: bats disorientation near turbines, attraction by their 
sound or confounding turbine plates with roosts (Kunz et al., 2007). It was hypothesized 
that the most affected bat species were the high altitude migratory species (Arnett et al., 
2008; Cryan and Barclay, 2009), but recent studies showed that the most vulnerable bats 
were those that forage and feed in open areas (Arnett et al., 2016). Another problem 
caused by wind turbines is the loss of habitat. The activity of bats near these structures is 
significantly lower than in their natural habitats (Millon et al., 2018). This is particularly 
important in Europe were the wind energy production continues to rapidly grow (WWEA, 
2017). In Portugal, wind turbine-related mortality is one of the main threats to bats. Around 
300 bats were killed in wind turbine fields by collision or barotrauma between 2002 and 
2008 in Portugal. This figure is an underestimation because of local sampling limitations 
like the field inaccessibility around wind turbines and the dispersion of wounded bats that 
die far from the sampling fields, but also because the sampling effort varied from once a 
week to once a month (ICNB, 2010).  
Some species of bats use caves to hibernate during the winter and to reproduce 
during the breeding season. Caves provide important benefits to bats like shelter and a 
warm and humid environment with low variations (Furey, 2016). The disturbance of cave 
species during the hibernation period can lead to the death of cubs and juveniles, which 
are important to the success of the colony, since bats have a low reproductive rate. 
Additionally, females look for new roosts that are not as ideal, and have excessive energetic 
expenditure that can risk their survival during the winter (Thomas, 1995). Another threat 
related to cave bats is the appearance of the white nose syndrome (WNS). This disease is 
caused by the fungus Geomyces destructans that infects bat skin while they hibernate 
causing morphological alterations that could lead to death (Cryan et al., 2010). White nose 
syndrome is responsible for a large reduction of cave bats. For instance, in the USA the total 
hibernacula populations suffered a reduction of 75% between 2006 and 2007 because of 
WNS (Blehert et al., 2009). 
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Additionally, humans can also represent a direct threat to bats. Human-bat 
interactions can generate conflicts that result in bats’ direct persecution. These conflicts 
often occur because of the association of bats as carriers of virus like rabies (RABV), Hendra 
(HeV) and ebola and the afraid of people of being infected. Cattle species can also be 
affected by some of these diseases which results in economic losses for the owners 
(Schneeberger and Voigt, 2016), creating more conflicts with bats. The occupation of 
human structures also creates conflicts with people that is often afraid of bats or have 
negative prejudices about them (Voigt et al., 2016). As result bats are persecuted and/or 
their roosts are destroyed. Apart from the white nose syndrome, all of bats threats are 
directly or indirectly related to human activities (Voigt and Kingston, 2016). As result, the 
success of bats’ conservation depends on people’s awareness and the effectiveness on 
changing these problems. The motivations and perceptions of humans toward bats will be 
explored in the next section of this introduction. 
 
How do humans perceive bats? 
 
Davey et al. (1998) studied and compared the human fear of animals in seven 
regions: United Kingdom, India, USA, Holland, Korea, Hong Kong and Japan. The animals 
were categorized by the participants into three types: fear irrelevant, fear relevant (fierce) 
and disgust relevant. The results were very similar in the disgust relevant category, across 
the different regions, with worms, leeches, spiders, lizards, rats, bats and cockroaches 
being the animals associated with disgust feelings. The author hypothesized that these 
results show that fear associated with animals is a universal emotion and animals 
associated with diseases or disgusting traits, such as producing mucus or multiple legs, 
promote disgust feelings in different cultures. However, in some cultures these animals are 
worshiped, such as scarabs (beetles) in the ancient Egypt, that represented the cycle of 
rebirth from death (Kritsky, 1991). 
In general, bats have different physiological traits, such as the aspect of the noses 
or the wings, and different habits, like sleeping during the day and hanging upside down. 
Therefore, people view them as ugly and frightening and are thus less supportive of their 
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conservation (Knight, 2008, Prokop et al., 2009). Across the world the perception of bats 
differs according to the different cultures. In southwest Asia, bats are seen as evil creatures 
that bring bad luck. People also believe that bats are hybrids of rats and birds and that they 
can attack peoples’ hair or clothes (Frembgen, 2006). The most common myth is that all 
bats are vampires that feed on blood, attack the neck of their preys and suck all the blood 
from their victims and thus represent a threat to humans (Prokop and Tunnicliffe, 2008; 
Prokop et al., 2009). Although only three out of 1300 species of bats feed on blood and 
have a globally restricted distribution (Johnson et al., 2014), this idea is well stablished all 
around the world and is believed by most people as a realistic feature of all bats. The diet 
and habits of these bats was the starting point to the creation of an evil and negative 
fictional image that is portrayed in movies and television shows. The concepts transmitted 
about bats by television and general media are frequently based in myths and beliefs and 
contribute to wrong information of public (Capparros, 2015). 
In a study made with students between six and 16 years old, Kahn et al. (2008) 
tested if children demonstrated care or fear for an animal that is scary to most people. The 
study showed that most of the participants had a care feeling about bats conservation and 
sustainability although they also demonstrated fear related feelings when asked about 
having direct contact with bats. The fear was associated with the possibility of being 
attacked while the bat is flying, and the transmission of diseases associated with these 
animals.  
 
What is the importance of public awareness to species conservation? 
 
Although bats have an undeniable ecological importance, reaching their 
conservation can prove to be a hard task. The association with contagious diseases 
(Schneeberger and Voigt, 2016), bats unusual morphology (Davey et al., 1998) and the 
myths and beliefs these animals are associated with, result in fear and disgust feelings on 
the public (Knight et al., 2008, Prokop et al., 2009). People with less knowledge about the 
ecology of bats, tend to believe more easily in myths than well informed persons, and be 
less likely to contribute to bats conservation (Davey et al., 1998; Knight et al., 2008; Prokop 
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and Tunnicliffe., 2008; Prokop et al., 2009). The participation of the public on animal 
conservation is mostly driven by feelings of affection toward the animal rather than the 
conservation status or the importance to the equilibrium of the environment that animal 
has. This results in the conservation of species associated with myths and fears being less 
supported than more charismatic species like the lynx (Lynx lynx) or the giraffe (Giraffa 
camelopardalis) (Colléony et al., 2017).  
Environmental education activities have the important role of getting ecological and 
conservation concepts to reach everyone and foster a good attitude toward nature. A study 
made in Switzerland (Lindemann-Matthies, 2005) with more than 4000 students from 8-16 
years old showed that environmental education activities can increase the familiarity and 
appreciation of local animals and plants other than exotic animals and pets. The 
educational programme consisted in the exploration of the route that each child took to 
school looking for local animals and plants. Once the students knew and were able to 
identify local biodiversity by themselves, they started to demonstrate more appreciation 
and care about their well-being. Another study, done in Australia (Orams, 1997), 
demonstrated that a structured environmental education programme directed at tourists 
was successful in increasing the knowledge and improving behaviour and ecological 
attitudes. 
The success of environmental education activities is especially important for species 
that cause negative feelings to the public such as bats and spiders. Wagler and Wagler 
(2014) tested the use of living spiders from the genus Poecilotheria in environmental 
education activities toward arthropods perception. The students who participated in the 
activity showed a reduction of fear and disgust toward Poecilotheria spiders and an 
increase in positive beliefs and attitudes toward this species conservation. 
In this regard, environmental education activities can be a successful way of 
transmitting knowledge about bats and ecological concepts to the public and thus 
contribute to the success of conservation programs. 
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Which factors make an environmental education program successful? 
 
Environmental activities are a type of non-formal education. This type of education 
includes everything a person learns by having contact and interacting with other persons, 
based on a certain interest, and taking place in a formal educational programme. It differs 
from both formal and informal education. The first one includes the information that is 
stablished by school programs and that is transmitted by a professional teacher or 
educator. The informal education is the family knowledge, values and believes that are 
acquired during the person’s educational process (Gohn, 2006).  
It is difficult to describe what makes an environmental education activity successful. 
However, there are numerous studies that try to answer this question. The North American 
Association for Environmental Education (NAAEE) defined key elements that could 
promote the excellence of an environmental education program excel. According to 
NAAEE, the environmental activity must be created based on an ecological, educational or 
community need and must try to give a response to these needs. Secondly, the activities 
also need to have a clear objective and be well planned, and the building process must be 
based in quality and well structured instructional materials. Finally, a good environmental 
education program needs to be able to measure its results and contribute to the success of 
future environmental education studies (NAAEE, 2002).  
The proximity of the participants with the habitat and the taxon that is the target of 
the environmental activity is a positive factor that facilitates the retention of concepts 
addressed during the activity (Prokop et al., 2007).  According to Prokop and collaborators 
(2007), field trips have a positive influence in students’ knowledge about ecology when 
compared to the classic method of learning in a classroom. Students have a greater will to 
learn and seem to acquire more concepts during field trips. Still the success of a field trip 
depends on many other factors. To maximize the capability of people to retain the 
information, it is important that they are familiarized with the contents they will observe 
or interact with during the field trip. Therefore, it is important that a small introduction 
focused on these concepts is done before the field trip so that the participants have more 
knowledge and familiarity with the subject (Orion and Hofstein, 1994). 
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The effectiveness of environmental education was studied by May (2000) making 
use of the experiences and perspectives of active environmental educators in the USA. This 
study identified factors that add influence in the success of the activity and divided them 
into three categories: teaching conditions, teaching practices and teacher skills. The 
conditions highlighted by the educators were: having a collaborative learning environment; 
flexible curriculum; and students bearing consequences of their actions. Some of the most 
successful teaching practices were cooperative and inclusive learning, passion about 
environmental education and transmitting knowledge, incorporation of humor in the 
activities and the practice of environmentally responsible behaviors. Relevant educator’s 
skills that were identified included: listening and questioning abilities, creativity, ability to 
create connections and facilitation skills. These characteristics are all related with aspects 
about the activity and the educator skills and do not focus on the participants that attend 
the activity. To maximize the effectiveness of environmental education it is also important 
that the participants’ perception is considered as the objective of the activity. Although the 
transmission of knowledge in environmental education activities is important, in order to 
reach environmental behaviour change the activities must also focus on changing the 
participants’ feelings and beliefs about nature (Pooley and O’Connor, 2000).  
To reach the environmental education activities main objective of changing 
people’s behaviour and attitudes is crucial to evaluate if the activity is influencing the 
participants. This procedure is also important for the improvement of future environmental 
education activities. The evaluation of the programs can be achieved using methods like 
pre-program and post-program surveys applied to the participants (Thomson et al., 2003). 
The success of environmental education can also be increased with the association of these 
activities with local schools. This kind of collaboration between non-formal and formal 
education could be very beneficial to both parts. Schools can reinforce the concepts that 
were transmitted during environmental activities, contributing to the retention of non-
formal knowledge acquired by the students, while the environmental activity should have 
a close relation with schools and take into account the classroom curriculum and possibly 
also contribute to the improvement formal learning of the students (Dettmann-Easler and 
Pease, 1999). 
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General objectives of this thesis 
 
The aim of this study is to understand if short events of science communication 
influence peoples’ knowledge and attitudes toward bats. We want to understand if and 
how demographic, educational/professional and motivational variables, are responsible 
for the differences on knowledge and attitudes of the participants prior and after the 
activity. We also wish to assess the evolution of these parameters. Additionally, we aim to 
answer the following questions. (1) What is the effect of environmental activities in the 
knowledge and attitudes of the participants? (2) Which variables influence the participants’ 
knowledge and attitudes prior to the activity, after the activity and the variation in these 
parameters? We expect the knowledge and attitudes of the participants to improve after 
the activity (Trewhella et al., 2005, Orams, 1997). It is also expected that participants with 
higher formation on biological sciences will have a better knowledge and attitude toward 
bats prior to the activity (Tikka et al., 2000), but the evolution to be lower than in less 
informed people. We also expect that participants from rural environments will have a 
better attitude than urban participants (Rosalino et al., 2017), and because men tend to 
like less popular animals, we expect that men will have a better attitude and knowledge 
about bats than women, (Bjerke and Østdah, 2004; Prokop et al., 2009). People who show 
curiosity or professional motivations to participate in the activity are expected to have 
better knowledge and attitudes than people who attended as a recreational or 
haphazardly, because of the opportunity. 
We expect that our results contribute with new information about the influence of 
environmental education on the public perception toward bats and eventually support the 
definition of strategies on communication and conservation.
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Material and methods 
 
Design and implementation of the environmental awareness activities 
 
 The Convention on the Conservation of Migratory Species of Wild Animals (CMS) 
and the Agreement on the Conservation of Populations of European Bats (EUROBATS) 
declared 2011 and 2012 the Year of the Bat in order to: encourage the dissemination of the 
importance of bats to the stability of ecosystems; and contribute to the conservation of 
this animal group (CMS, 2016). Since then, environmental educational activities are 
regularly being delivered throughout Portugal – and other European countries - to promote 
bats conservation. An online survey was designed in 2013 and disseminated to all 
participants of the activities by the email used in their subscriptions. The survey was also 
sent to participants who attended bat related activities in the past and was disseminated 
to all participants of the activities until 2017.  
The activities were divided in two moments. First, the participants attended a one-
hour talk focusing on the diversity, biology, ecology, and conservation of bats. This moment 
was important to improve knowledge about bats, how they are studied and to deconstruct 
myths, prejudices and fears related to these animals. After the introduction, the group was 
taken in a field trip where a demonstration of how bats are identified, monitored and 
studied was carried on. Additionally, participants had the chance to listen to different bat 
species using an ultrasound detector and to observe bats in shelters or flying around lamps. 
 
Online survey 
 
Data on the perception of the participants was gathered through an online survey that was 
sent after the realization of the activity. The survey comprised a total of 50 questions 
(Appendix I). The questions were divided in three types: 9 questions with open answer, 29 
multiple choice questions and 12 questions using a 5 point Likert-type scale. The aim of the 
first 10 questions of the survey was to gather information about demographic data such as 
age, gender, scholarity, training, area of residence and motivation to attend the activity. All 
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respondents were either adult that gave informed consent or underage accompanied by 
their legal responsible. The questions 11, 13-23 evaluated the knowledge and attitudes 
toward bats before the activity and the questions 12, 24-34 evaluated the knowledge and 
attitudes after the activity. This way it was possible to compare the knowledge and 
attitudes of the participants at both moments. The last 16 questions were about the 
opinion of the participants about the success of the activity and the importance of this type 
of events to the conservation of nature, and bats specifically. A timestamp with the date 
and time of when each participant responded to the questionnaire was automatically 
gathered by the survey. With this information and the day and hour of the activity of the 
participant we can know how much time as passed between the environmental education 
activity and the moment the participant filled the questionnaire. 
 
Measuring attitude and knowledge: the response variables 
 
Two distinct sets of variables were used for assessing the evolution of participants’ 
knowledge and attitude before and after the activities, totalizing nine response variables 
(Table 1). 
 
Knowledge 
 
We assessed knowledge before (KB) and after (KA), as well as the variation on the 
level of knowledge (ΔK). We distinguished knowledge variables between: (a) the level and 
variation on estimated knowledge (KEB, KEA, ΔKE) based on the responses of the 
participants; (b) the level and variation on self-perceived knowledge (KPB, KPA, ΔKP). 
Estimated knowledge was calculated from answers to questions 14-22 (KEB), 25-33 (KEA) 
and the difference between the two moments (ΔKE). Self-perceived knowledge was 
calculated from answers to questions 11 (KPB), 12 (KPA) and the difference between the 
two moments (ΔKP). 
Responses to questions pertaining to biology, ecology and conservation of bats were 
evaluated and given scores (score 1 for correct answers, 0 for wrong answers). There were 
nine questions pertaining to knowledge at each moment, so the possible scores varied from 
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0 to 9. In order to allow direct comparisons among estimated level of knowledge and self-
perceived level of knowledge, the variation on estimated knowledge was standardize to a 
0-5 scale. 
 
Atittude 
 
Attitude before (AEB) and after (AEA) the activities were estimated based on 
answers to questions 13 and 24 respectively. Based on the attitude scores before and after, 
we calculated the value for the estimated variation of attitude (ΔAE). Perceived variation 
on atittude (ΔAP) was directly inferred from answer to question 38. 
 
Table  1. Response variables pertaining to knowledge and attitudes of the participants prior and after to the 
environmental education activity. Abbreviations were built using initials, as illustrated in the following 
example: estimated attitude before the activity (AEB). 
 Before After Variation 
Estimated Attitude (AE) AEB AEA ΔAE 
Perceived Attitude (AP) -------- -------- ΔAP 
Estimated Knowledge (KE) KEB KEA ΔKE 
Perceived Knowledge(KP) KPB KPA ΔKP 
 
Predictor variables  
 
The survey comprised questions that allowed us to characterize the participants in 
terms of the variables related with each of our research hypotheses. We organized the 
variables according to three major hypotheses: that differences on scores and variation on 
knowledge and attitude should be influenced by demographic, motivational or 
educational/professional factors. 
We selected 4 demographic predictor variables: age (AGE); gender (GEN); Territorial 
Unit of Nomenclature II for Statistical Purposes (NUTII) and Urban or Rural environment 
(URBRUR) (Table 2.). The AGE was grouped into seven intervals: 0-10 years; 11-15 years; 
16-20 years; 21-30 years; 31-40 years; 41-55 years; 56+ years. NUTII included 4 categories: 
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North, Centre, Lisbon and Alentejo. URBRUR was comprised by 3 categories: urban, rural 
and transition areas. 
Variables organized with Educational/Professional path included the information on 
the education and professional activity of the participant. Three predictor variables were 
considered: Education level (EL); higher education on biological sciences (HEBS) and 
modified Portuguese classification of professions (modCPP) (Table 2.). The EL was divided 
in 4 groups based on the international standard classification of education (ISCED, 2013), 
with modifications: primary education (ISCED levels 0 and 1); basic education (ISCED level 
2); secondary education (ISCED levels 3, 4 and 5) and higher education (ISCED levels 6, 7 
and 8). Were considered in HEBS category all participants who had a higher education in 
biological, environmental, forest and veterinary sciences. The modCPP included 11 
categories based on the Portuguese classification of professions (INE, 2010). Due to a large 
part of the participants being included in category 2 of the original CPP we decided to 
modify the scale and use the subcategories 21-26 of the original CPP. The categories 4 and 
7 of the original CPP and domestic workers were combined in “others” due to low 
participants on these categories. Students where included in a separate category. 
We identified 4 potential motivations that could drive a given person to participate 
on the activity: curiosity (CUR), recreation (REC), opportunity (OPP) and professional 
reasons (PRO). Because multiple choices were allowed, we handled motivation as a dummy 
variable, with each category of motivation (CUR, REC, OPP and PRO) scored separately. 
Although we only identified four motivational categories, there were 9 different answers 
the participants could choose from, and so some answers could indicate the same motive, 
for example “Wanting to learn” and “demystify ideas about bats” were considered in the 
curiosity category. The scores of all given answers should add up to 1 and in case of multiple 
choices, the weight was evenly distributed across categories. So, if only a motivation was 
identified, it would score 1; if two would be identified, the weight would be divided by the 
answers given on the two categories; if three variables would be identified, the weight of 
the answers should be divided according to the three categories, etc. 
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       Table  2. Predictor variables used in the analysis of the knowledge and attitudes of the participants in the environmental education activity. 
 
Category/ Variable code Variable type Categories/Range of variation 
Demography    
Age AGE categoric 
1-(0-10 years); 2-(11-15 years); 3-(16-20 years);  
4-(21-30 years); 5-(31-40 years); 6-(40-55 years) 
7-(56+ years) 
Gender GEN categoric 
1-Male 
2-Female 
Territorial Unit of Nomenclature II for Statistical 
Purposes 
NUTII categoric 1-North; 2-Center; 3-Lisbon; 4-Alentejo 
Urban or rural environment URBRUR categoric 1-Urban; 2-Rural; 3-Both 
Education/Profession    
Education level EL categoric 
1-(ISCED 0 and 1); 2-(ISCED 2); 3-(ISCED 3, 4 and 5) 
4-(ISCED 6, 7 and 8) 
Higher formation on biological sciences HEBS binary 0 (No); 1 (Yes) 
Modified Portuguese classification of professions modCPP categoric 
1 (1-CPP); 2 (21-CPP); 3 (22-CPP); 4 (23-CPP) 
5 (24-CPP); 6 (25-CPP); 7 (26-CPP); 8 (3-CPP) 
9 (5-CPP); 10 (Students); Other (4-CPP, 7-CPP and 
domestic);  
Motivation    
Curiosity CUR dummy 0; 0,25; 0,33; 0,4; 0,5; 0,6; 0,66; 0,75; 1 
Recreation REC dummy 0; 0,16; 0,2; 0,25; 0,33; 0,5; 0,66; 1 
Opportunity OPO dummy 0; 0,16; 0,2; 0,25; 0,33; 0,5; 1 
Professional reasons PRO dummy 0; 0,16; 0,2; 0,25; 0,33; 0,5; 1 
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Data analysis 
 
Initially, after scoring each response variable for each individual, we plotted pairs of 
response variables against each other, in order to visually assess the differences among: 
the levels of estimated and self-perceived knowledge before and after the activities (KEB 
vs KEA; KPA vs KPB); the estimated and self-perceived variation in knowledge (ΔKE vs ΔKP) 
and in attitude (ΔAE with ΔAP). 
Afterwards, all response variables were separately modelled, against all explanatory 
variables, using a generalized linear models (GLM) approach, implemented in R statistical 
software 3.5.0 (R Core Team, 2018). Attitude level and variation are binary variables and 
were modelled using a binomial distribution family error, while knowledge level and 
variation were modelled using a gamma distribution family error (Crawley, 2007). The 
analysis was firstly made separately for the categories of variables which resulted in a set 
of best models for each category related with our original hypothesis. Best models were 
selected using a forward selection procedure. Model selection was based on the corrected 
Akaike Information Criterion (AICc) (Burnham & Anderson, 2004). All models with a ΔAICc, 
lower than 2 were considered as equally plausible. If the null model was within the best 
models in a category, all other plausible models in that category were excluded from the 
analysis, because they did not explained anything beyond the null model. The best models 
of each category were then combined, also by forward selection, in order to generate 
hybrid models and verify if new best models would arise through the combination of 
variables from cuncurrent hypothesis (and thus categories). 
Results 
 
The survey was disseminated to about 600 participants, but we only obtained 
responses from 219 participants. We started to analyse all 219 surveys that were applied 
by different instructors. However, the weight of each instructor was very different (one of 
the instructors represented 64% of the surveys, the second represented 14% and the 
remaining 11 instructors, together, represented 22% of surveys). When the instructor was 
included as a variable (GLM) or random factor (GLMM) most of the models did not 
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converge, because of the number of different categories in the variable (or in the random 
factor) and the weights of each being different, thus we chose to use only the surveys of 
the instructor that represented the highest percentage of surveys. However, we observed 
similar general patterns in the results of the analyses including: (a) all the 219 participants 
(data not shown); (b) only the 143 participants that attended the activities conducted by 
the same instructor (Appendix II ). 
We analysed 143 surveys, 91 from women and 52 from men (Fig.2A). The majority 
of the participants were between 16 and 55 years old (Fig. 2B) and had a higher education 
diploma (Fig. 2C). Around 55% of the participants were willing to participate in a 
conservation programme related with bats before participating in the activity. This 
percentage increased to 95% after attending the activity. 
 
Figure 2. Sample characterization according to gender (A), age (B) and level of education (C). Education level refers to 
completed education. 
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Relation among response variables 
 
The knowledge estimated after the activity was, on average, higher than the 
perceived knowledge of the participants by approximately 1 score unit (Y0=3.3 in perceived 
knowledge; Y0=4.4 in estimated knowledge) (Figure 3.). The perceived knowledge prior and 
after the activity were positively correlated (b=0.2), but with a very low goodness of fit 
between observed values and the values predicted by the linear regression (coefficient of 
regression: R²=0.0587). 
On average, the participants considered that their knowledge score increased by 
more than three score units after the activity (Y0=3.3). Estimated levels of knowledge 
before and after the activity also displayed a positive relation (b=0.1) but with a low 
goodness of fit (R²=0.0675). The estimated knowledge of participants after the activity 
increased by more than 4 score units (in average) relatively to their knowledge prior to the 
activity (Y0=4.4) (Figure 3.). 
Figure 3. Comparison of perceived knowledge and the estimated knowledge, prior and after the environmental 
education activity. Linear (Knowledge estimated) and linear (knowledge perceived) represent linear regression 
lines calculated with the pares of values from knowledge before and after the activity. 
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Before the activity, 31% of the participants presented the maximum score of knowledge 
about the biology, ecology and conservation of bats. After attending the activity, the 
percentage of participants that presented the maximum level of knowledge increased to 
90%, independently of the knowledge level prior to the activity (Figure 3.)  
The perception about the evolution of knowledge was higher than the actual 
variation of knowledge (Figure 4.) The variation of estimated and perceived knowledge 
were positively associated (b=0.244) but the two variables present a low goodness of fit 
(R2=0.1651). On average the participants believe they increased their knowledge more than 
one score unit above what they actually did (Y0=1.3647). Around 47% of the participants’ 
perceptions were superior to the knowledge they showed. Only 27% of participants 
showed an increase of knowledge superior to their perceptions (Figure 4.). 
 
Figure 4. Relation between the variation on estimated knowledge (ΔKE) and the variation in 
perceived knowledge (ΔKP) after the environmental education activity. 
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The variation on perceived attitude was higher than the variation of estimated 
attitude (Figure 5.). These variables show a low goodness of fit (R²=0.0642) but are positivly 
related (b=0.141). In general, participants had the perception that their attitude improved 
almost one score unit above what their estimated attitude indicates(Y0=0.859). Around 
92% of participants believe their attitude has changed after the activity. However, only 42% 
demonstrated an effective change of attitude (Figure 5.).  
 
Relation between response and explanatory variables 
 
The education hypothesis had plausible models for all response variables pertaining 
knowledge and attitudes of the participants (Table 3.). The variables from demography 
category had plausible models in four of the response variables. The motivational category 
only had a plausible model on the analysis of the variation of perceived knowledge.  
Figure 5. Relation between the variations of estimated attitude and perceived attitude of the 
participants in the environmental education activity. 
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Table  3. Best models for each response variable by hypothesis category. AGE: age; GEN: gender; NUTII: Territorial Unit 
of Nomenclature II for Statistical Purposes; URBRUR: urban or rural; EL: Education level; HEBS: higher education on 
biological sciences; modCPP: modified Portuguese classification of professions; CUR: curiosity; REC: recreation; OPO: 
opportunity; PRO: professional. *Neither model of the category was utilized in the analysis, because the null model was 
within the best models. (+) represent a positive influence in the response variable; (-) a negative influence and (0) no 
influence. Only significant variables have positive (+) or negative (-) influence expressed in the table. 
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The estimated knowledge before the activity was higher the younger was the 
participant (Table 4), but the evolution in participants’ knowledge was positively influenced 
by the age, that is, older participants saw greater increases in knowledge after the 
activities.  
The perception of knowledge prior to the activity was positively influenced by the 
area of residence and the profession of the participants but was negatively associated with 
formation in biological sciences. After the activity the perceived knowledge was best 
explained by the participants’ professional classification and higher education in biological 
sciences. Participants who did not attended the activity because of curiosity motives 
showed a higher perceived knowledge than curious participants. Participants with higher 
education in biological sciences had a better attitude prior to the activity, but the evolution 
of both estimated attitude and perceived attitude was higher in participants from other 
educational fields. 
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Table  4. Best models for the evolution of attitude and knowledge prior and after the environmental education activity, 
resulting by the combination of best models from each hypothesis category. Models in bold represent the best model for 
the respective variable. Codes are the same as presented in Table 3. *The best model only includes variables from the 
education/profession category. (+) represent a positive influence in the response variable; (-) a negative influence and 
(0) no influence. Only significant variables have positive (+) or negative (-) influence expressed in the table. 
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The education category was included in the best models of all knowledge and 
attitude variables. The perceived and estimated knowledge prior to the activity were both 
best explained by the association of demography and education variables (Fig.6). Both the 
estimated and perceived knowledge after the activity were best explained by the education 
hypothesis. The variation of estimated knowledge was associated with demographic and 
educational factors, while the evolution of perceived knowledge by the participants was 
influenced by the combination of education and motivation variables. The evolution of 
attitudes estimated prior and after the activity and perceived evolution were all best 
explained by the education/profession hypothesis (Fig 7.). 
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 Figure 6. Percent of deviance (variation in each response variable related with knowledge) explained by 
the best models in each hypothesis (category of variables) and in hybrid hypotheses (combining more 
than one category of variables). Bold values stand for the category where the best overall model is 
included for each response variable. The range of percentages represent the lowest and highest 
deviance of the models from that category. 
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Figure 7. Percent of deviance (variation in each response variable related with attitude) explained by the best 
models in each hypothesis (category of variables) and in hybrid hypotheses (combining more than one 
category of variables). Bold values stand for the category where the best overall model is included for each 
response variable. The range of percentages represent the lowest and highest deviance of the models from 
that category. 
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Discussion 
 
The Anthropocene is a geological epoch defined by the global changes on natural 
ecosystems, speeded up by human actions. Human activities have big impacts in the 
environment and are changing the ecosystems in great scale (Voigt and Kingston, 2016). 
Bats are animals particularly affected by anthropogenic changes like disturbance (Thomas, 
1995), persecution (Schneeberger and Voigt, 2016) and environmental changes ((Kunz et 
al., 2007; Altringham and Kerth, 2016), and thus, the success of their conservation depends 
entirely of human efforts on changing mentalities and educating the public about the 
benefits that these animals provide to both nature and people. Environmental education 
activities are important events that contribute to the education of the public about wildlife 
and promote better attitudes toward nature conservation (Dettman-Easler and Pease, 
1999). Our results show that the attitude and knowledge of the participants improved after 
attending the environmental education activity and demonstrate the positive effect that 
short events of science communication can have on changing the public perception of bats. 
 
What is the effect of environmental education activities in the knowledge and 
attitudes of the participants? 
 
The participants who attended the environmental education activity showed an 
evolution of knowledge and attitudes toward bats. Our results support that environmental 
education can have a positive influence on the knowledge of the participants about bats 
and are supportive of previous studies were also successful on the transmission of 
knowledge to the public through activities of environmental education (Keen, 1991; Orams, 
1997; Prokop et al., 2007). Almost all participants reached the maximum classification of 
knowledge after attending the activity. This result illustrates the effectiveness that short 
events of science communication can have on the transmission of knowledge about bats. 
The activity had a similar result on the attitude of the participants. As was expected, the 
participants’ attitudes were positively influenced by the participation on the environmental 
education activity (Dettman-Easler and Pease, 1999; Trewhella et al., 2005; Wagler and 
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Wagler, 2014). Almost all participants showed to have a positive attitude toward bats after 
attending the activity. Our results support the hypothesis that environmental education 
activities can contribute to the increase of knowledge and improvement of attitude of the 
participants toward bats. 
 
What is the relation between the estimated and perceived knowledge and 
attitudes of the participants?  
 
The participants’ perception of their knowledge and attitudes was different from our 
estimations based on the knowledge evidenced by the answers to the survey. The 
knowledge demonstrated by the participants was in general higher than the knowledge 
perceived by them. Our results suggest that the participants are conscious that their 
knowledge about bats increased. However, the knowledge they demonstrate increased 
more than what they perceived. The same results were observed with the attitudes of the 
participants. The attitude perceived was lower than the attitude demonstrated after the 
activity. The participants seem to underestimate their attitudes and knowledge before and 
after attending the environmental education activity when compared to the attitude and 
knowledge demonstrated. People with low knowledge and abilities usually overestimate 
their performance, while people with higher knowledge tend to underestimate their 
capabilities what is known as the Dunning-Krugger effect (Krugger and Dunning, 1999; 
Pavel et al., 2012; Schlösser et al., 2013). Our results are according to this theory, since 
almost all participants showed to have a high level of knowledge about the concepts 
approached but have a lower perception about them.  
 
Which variables influenced the initial and evolution of knowledge after the 
activity? 
 
The age of the participants was negatively associated with the estimated knowledge 
suggesting that young participants knew more about bats than older participants. Younger 
people show more interest about bats than older people (Bjerke and Østdah, 2004) what 
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can explain being well informed. The variation of estimated knowledge was positively 
explained by the age of the participants. Since older participants had a lower level of 
knowledge prior to the activity the margin to learn was higher than in younger participants. 
Before the activity, the education/profession and demography categories were 
associated with the perceived knowledge. Participants from the Lisbon region had higher 
perceived knowledge prior to the activity than participants from North, Centre and 
Alentejo. Participants with higher education in biological sciences perceived they had a 
lower knowledge level before and after the activity than participants from other study 
areas. As previously mentioned, people with less knowledge tend to overestimate their 
knowledge and the opposite occurs with people well informed (Krugger and Dunning, 1999; 
Pavel et al., 2012; Schlösser et al., 2013). The participants with an educational background 
related with biology seemed to have a more conservative perception about their 
knowledge than participants with different backgrounds. Professions related with science, 
education, communication and technicians perceived their knowledge higher than the 
other professional categories, maybe because these professions are more familiarized with 
the addressed concepts (Tikka et al., 2000).  
Our results showed that curiosity was negatively associated with the variation of 
perception. Participants that did attend the activity by other motives showed a larger 
variation of the perceived knowledge than people motivated by curiosity. One explanation 
for this is that curious participants perceived their knowledge prior to the activity higher 
than participants with other motivations. The education/profession hypothesis influenced 
all variables regarding the knowledge of the participants. 
 
 
 
Which variables influenced the initial attitude and the evolution of attitude 
after the activity? 
 
The education/profession category was the hypothesis that best explained the 
attitude of the participants. Higher education on biological sciences (HEBS) was included in 
all the best models. As was expected, participants with higher education in biological 
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sciences had a more positive estimated attitude before the activity than people that did 
not have that type of education. Tikka and collaborators (2000) also related a more positive 
attitude toward the environment with students from biology courses than students from 
other areas of study. Biology students are also more participative of conservation activities. 
The variation of estimated attitude and the variation of perceived attitude were negatively 
explained by HEBS, that is, the participants from other areas of study showed and perceived 
a higher variation of attitude because the initial attitude was more negative than 
participants from biological sciences (Tikka et al, 2000). 
 
Importance of the results to the conservation of bats and biodiversity.  
 
Our results demonstrate the effectiveness of short events of environmental 
education in teaching and fostering better attitudes toward bats. This process is essential 
for the success of conservation programs. People better informed are more participative 
in conservation actions (Prokop et al., 2009) and can influence the decision of 
governors/entities to invest in conservation programs (Pennisi et al., 2004; Kingston et al., 
2006). It is crucial that public and private entities are more supportive and have more 
investment on science communication activities and in the development of conservation 
strategies, like for example building bat houses, which can benefit bats’ populations, and 
raise social and economic benefits for local populations, while also generating awareness. 
Various studies demonstrated that bats’ conservation programs can have direct benefits to 
populations hosting them, especially through ecotourism (Pennisi et al., 2004). In Austin 
(Texas, USA), the conservation of bats that live in the city’s bridge was estimated to attract 
around 140.000 bat watching tourists and generate nearly $3.2 billion per year to local 
economy (Ryser & Popovici, 1999). However, the impacts of ecotourism should be closely 
followed, and good practices should be implemented in order to establish a win-win 
situation between bats conservation and population activities. 
In addition to the increase of knowledge and attitudes toward bats, our results also 
show that the participants recognize the importance of biodiversity conservation, as well 
as the role that environmental education activities have in that accomplishment. When 
asked about the importance of these activities for the conservation of nature, some 
 FROM BEASTS TO BEAUTIES IN A BLINK: REACHING BATS’ CONSERVATION THROUGH 
PUBLIC EVENTS OF SCIENCE COMMUNICATION 
 
33 
 
participants highlighted the importance for changing mentalities, demystifying popular 
beliefs, losing fear of bats, and learning about nature conservation. Environmental 
education activities can influence peoples’ awareness toward wildlife conservation (Keen, 
1991; Kingston et al., 2006; Prokop et al., 2007). After the activity the number of 
participants willing to participate in a bat conservation programme greatly increased, 
showing that the environmental education activity was successful on changing public 
perception and to captivate people.  
 
Conclusions 
 
Our results support that short events of science communication are effective on 
fostering a positive attitude and increasing the knowledge of the participants toward bats.  
The hypothesis about the educational and professional background of the 
participant was what had more influence in the knowledge and attitudes of the 
participants. Participants from educational fields other than biology showed a worse 
attitude prior to the activity but demonstrated to have the highest improvement of 
attitude. For these reasons this participants should be the main focus of environmental 
education, in order to maximize the impact on the public perception about bats. After 
attending the environmental education activity, almost the totality of participants showed 
a good attitude and greatly improved their knowledge about bats, in addition to being more 
willing to participate in conservation actions.  
 
Future recommendations  
 
For future studies we suggest that the same study is made after a period of time, 
for example 1 or 2 years, with the same participants to estimate if the knowledge obtained 
and the change of attitudes are still shown by the participants.  
This study can also be replicated to the environmental education of other lesser 
charismatic animal groups, as reptiles, amphibians, insects and spiders that like bats are all 
associated with fear or disgust feelings that difficult the success of their conservation 
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(Davey et al., 1998; Knight, 2008; Prokop and Tunnicliffe, 2008; Ceríaco, 2012; Wagler and 
Wagler, 2014). The inclusion of environmental education activities identical to ours 
adapted for these animals could have similar results toward their public perception. 
The success of changing public perception about bats relies on the increase of 
environmental education activities and the investment made to their improvement. Future 
studies should also consider the association with local schools (Lindemann-Matthies, 2005) 
and the education of young students about the myths and ecology of bats (Kahn et al., 
2008; Knight, 2008; Prokop and Tunnicliffe, 2008; Prokop et al., 2009). Children are the 
future of society and their early education can have a significant effect on the way that 
environmental conservation will be seen on the future.  
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Appendix I - Online Survey 
 
Online survey elaborated to assess the knowledge and attitudes of the participants in 
the environmental educational activity 
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Appendix II – Full GLM analysis (instructor with 
most surveys) 
 
Tables II. – Complete list of GLM models for all response variables from the analysis 
using the data of the instructor with most participants in the environmental education 
activities  
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Model name Explanatory variables K AIC AICc ΔAICc Null deviance Residual Deviance % Explained Deviance exp(ΔAICc/2) Weight
Demography
KEBnull null 1 499,56 499,63 9,69 23,928 23,928 0,0% 0,00787 0,00
KEBfulld AGE+GEN+NUTII+URBRUR 5 489,08 490,19 0,25 23,928 21,457 10,3% 0,88224 0,45
KEBd1 AGE 2 500,5 500,71 10,77 23,928 23,756 0,7% 0,00458 0,00
KEBd2 GEN 2 495,57 495,78 5,84 23,928 22,872 4,4% 0,05393 0,03
KEBd3 NUTII 2 489,73 489,94 0,00 23,928 22,788 4,8% 1,00000 0,51
KEBd4 URBRUR 2 501,52 501,73 11,79 23,928 23,598 1,4% 0,00275 0,00
Education/Profession
KEBnull null 1 499,56 499,63 54,54 23,928 23,928 0,0% 0,00000 0,00
KEBfulle EL+HEBS+modCPP 4 447,56 448,29 3,20 23,928 18,627 22,2% 0,20223 0,09
KEBe1 EL 2 500,97 501,18 56,09 23,928 23,831 0,4% 0,00000 0,00
KEBe2 HEBS 2 454,11 454,32 9,23 23,928 21,912 8,4% 0,00990 0,00
KEBe3 modCPP 2 444,88 445,09 0,00 23,928 18,82 21,3% 1,00000 0,45
KEBe4 EL+modCPP 3 446,11 446,54 1,45 23,928 18,707 21,8% 0,48480 0,22
KEBe5 HEBS+modCPP 3 445,86 446,29 1,20 23,928 18,67 22,0% 0,54935 0,24
Motivation
KEBnull null 1 499,56 499,63 0,00 23,928 23,928 0,0% 1,00000 0,32
KEBfullm CUR+REC+OPP+PRO 5 503,71 504,82 5,19 23,928 23,309 2,6% 0,07457 0,02
KEBm1 CUR 2 500,46 500,67 1,04 23,928 23,75 0,7% 0,59406 0,19
KEBm2 REC 2 501,03 501,24 1,61 23,928 23,842 0,4% 0,44674 0,14
KEBm3 OPP 2 501,38 501,59 1,96 23,928 23,898 0,1% 0,37502 0,12
KEBm4 PRO 2 500,27 500,48 0,85 23,928 23,718 0,9% 0,65326 0,21
Hybrid
KEBnull null 1 499,56 499,63 65,57 23,928 23,928 0,0% 0,00000 0,00
KEBfull AGE+GEN+NUTII+URBRUR+EL+HEBS+modCPP+CUR+REC+OPP+PRO 12 432,9 435,72 1,66 23,928 15,846 33,8% 0,43612 0,09
KEBh1 AGE+GEN+NUTII+URBRUR+EL+HEBS+modCPP 8 431,07 437,71 3,64 23,928 14,644 38,8% 0,16167 0,03
KEBh2 NUTII+modCPP 3 434,48 434,91 0,84 23,928 17,668 26,2% 0,65550 0,13
KEBh3 NUTII+EL+modCPP 4 435,02 435,75 1,68 23,928 17,463 27,0% 0,43097 0,09
KEBh4 NUTII+HEBS+modCPP 4 434,75 435,48 1,41 23,928 17,425 27,2% 0,49326 0,10
KEBh5 AGE+GEN+NUTII+URBRUR+modCPP 6 432,51 434,09 0,03 23,928 16,312 31,8% 0,98459 0,20
KEBh6 AGE+GEN+NUTII+URBRUR+EL+modCPP 7 432,39 434,54 0,48 23,928 16,037 33,0% 0,78663 0,16
KEBh7 AGE+GEN+NUTII+URBRUR+HEBS+modCPP 7 431,91 434,06 0,00 23,928 15,975 33,2% 1,00000 0,20
Table III. 1: GLM models for the knowledge estimated before the activity (KEB) by category/hypothesis. K - Number of parameters; AICc - corrected Akaike information criterion; ΔAIC- difference from the lowest AIC within 
category ofvariables;  % Explained Deviance - percentage of the response variable that is explained by the model; W- weight of each value within the category of variables.
Table II.  1: GLM models for the knowledge estimated before the activity (KEB) by category/hypothesis. K – Number of parameters; AICc – corrected Akaike information criterion; ΔAIC – 
difference from the lowest AIC within category of variables; % Explained Deviance – percentage of the response variable that is explained by the model; W – weight of each value within the 
category of variables. 
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Model name Explanatory variables K AIC AICc ΔAICc Null deviance Residual Deviance % Explained Deviance exp(ΔAICc/2) Weight
Demography
KEAnull null 1 114,4 114,47 0,07 0,76 0,76 0,0% 0,96636 0,36
KEAfulld AGE+GEN+NUTII+URBRUR 5 123,48 124,59 10,19 0,76 731 3,8% 0,00613 0,00
KEAd1 AGE 2 116,4 116,61 2,21 0,76 0,76 0,0% 0,33121 0,12
KEAd2 GEN 2 116,33 116,54 2,14 0,76 759 0,1% 0,34301 0,13
KEAd3 NUTII 2 119,61 119,82 5,42 0,76 753 0,9% 0,06654 0,02
KEAd4 URBRUR 2 114,19 114,40 0,00 0,76 738 2,9% 1,00000 0,37
Education/Profession
KEAnull null 1 114,4 114,47 39,96 0,76 0,76 0,0% 0,00000 0,00
KEAfulle EL+HEBS+modCPP 4 73 781 74,51 0,00 0,76 436 42,6% 1,00000 0,89
KEAe1 EL 2 100,88 101,09 26,58 0,76 681 10,4% 0,00000 0,00
KEAe2 HEBS 2 79 729 79,94 5,43 0,76 554 27,1% 0,06616 0,06
KEAe3 modCPP 2 80 058 80,27 5,76 0,76 474 37,6% 0,05613 0,05
Motivation
KEAnull null 1 114,4 114,47 0,00 0,76 0,76 0,0% 1,00000 0,38
KEAfullm CUR+REC+OPP+PRO 5 121,12 122,23 7,76 0,76 753 0,9% 0,02063 0,01
KEAm1 CUR 2 116,33 116,54 2,07 0,76 759 0,1% 0,35495 0,13
KEAm2 REC 2 116,07 116,28 1,81 0,76 758 0,3% 0,40423 0,15
KEAm3 OPP 2 115,82 116,03 1,56 0,76 756 0,5% 0,45805 0,17
KEAm4 PRO 2 116,12 116,33 1,86 0,76 758 0,3% 0,39425 0,15
Table III. 2 ‐ GLM models for the knowledge estimated after the activity (KEA) by category/hypothesis. K ‐ Number of parameters; AICc ‐ corrected Akaike information criterion; ΔAIC‐ difference from the lowest AIC within 
category ofvariables;  % Explained Deviance - percentage of the response variable that is explained by the model; W- weight of each value within the category of variables.
Table II.  2: GLM models for the knowledge estimated after the activity (KEA) by category/hypothesis. K – Number of parameters; AICc – corrected Akaike information criterion; ΔAIC – difference 
from the lowest AIC within category of variables; % Explained Deviance – percentage of the response variable that is explained by the model; W – weight of each value within the category of 
variables. 
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Model name Explanatory variables K AIC AICc ΔAICc Null deviance Residual Deviance % Explained Deviance exp(ΔAICc/2) Weight
Demography
ΔKEnull null 1 445,68 445,75 13,76 44 809 44 809 0,0% 0,00103 0,00
ΔKEfulld AGE+GEN+NUTII+URBRUR 5 430,88 431,99 0,00 44 809 37 913 15,4% 1,00000 0,84
ΔKEd1 AGE 2 446,28 446,49 14,50 44 809 44 395 0,9% 0,00071 0,00
ΔKEd2 GEN 2 438,49 438,70 6,71 44 809 42 149 5,9% 0,03492 0,03
ΔKEd3 NUTII 2 435,52 435,73 3,74 44 809 41,33 7,8% 0,15417 0,13
ΔKEd4 URBRUR 2 447,77 447,98 15,99 44 809 44 243 1,3% 0,00034 0,00
Education/Profession
ΔKEnull null 1 445,68 445,75 47,27 44 809 44 809 0,0% 0,00000 0,00
ΔKEfulle EL+HEBS+modCPP 4 401,26 401,99 3,51 44 809 35 188 21,5% 0,17305 0,09
ΔKEe1 EL 2 447,64 447,85 49,37 44 809 44 797 0,0% 0,00000 0,00
ΔKEe2 HEBS 2 409,69 409,90 11,42 44 809 41 181 8,1% 0,00331 0,00
ΔKEe3 modCPP 2 398,41 398,48 0,00 44 809 35 498 20,8% 1,00000 0,49
ΔKEe4 EL+modCPP 3 400,35 400,78 2,30 44 809 35 481 20,8% 0,31670 0,16
ΔKEe5 HEBS+modCPP 3 399,28 399,71 1,23 44 809 35 194 21,5% 0,54075 0,27
Motivation
ΔKEnull null 1 445,68 445,75 0,40 44 809 44 809 0,0% 0,81937 0,24
ΔKEfullm CUR+REC+OPP+PRO 5 447,89 449,00 3,65 44 809 43 117 3,8% 0,16117 0,05
ΔKEm1 CUR 2 445,98 446,19 0,84 44 809 44 308 1,1% 0,65705 0,19
ΔKEm2 REC 2 446,61 446,82 1,47 44 809 44 492 0,7% 0,47951 0,14
ΔKEm3 OPP 2 447,21 447,42 2,07 44 809 44 671 0,3% 0,35523 0,10
ΔKEm4 PRO 2 445,14 445,35 0,00 44 809 44 058 1,7% 1,00000 0,29
Hybrid
ΔKEnull null 1 445,68 445,75 62,36 44,809 44,809 0,0% 0,00000 0,00
ΔKEfull AGE+GEN+NUTII+URBRUR+EL+HEBS+modCPP+CUR+REC+OPP+PRO 12 380,32 386,96 3,57 44,809 25,885 42,2% 0,16751 0,08
ΔKEh1 AGE+GEN+NUTII+URBRUR+HEBS+modCPP 7 381,37 383,52 0,14 44,809 28,248 37,0% 0,93289 0,44
ΔKEh2 AGE+GEN+NUTII+URBRUR+modCPP 6 381,8 383,38 0,00 44,809 28,796 35,7% 1,00000 0,48
Table III. 3 - GLM models for the variation of estimated knowledge (ΔKE) by category/hypothesis. K - Number of parameters; AICc - corrected Akaike information criterion; ΔAIC- difference from the lowest AIC within category 
ofvariables;  % Explained Deviance - percentage of the response variable that is explained by the model; W- weight of each value within the category of variables.
Table II.  3: GLM models for the variation of estimated knowledge (ΔKE) by category/hypothesis. K – Number of parameters; AICc – corrected Akaike information criterion; ΔAIC – difference 
from the lowest AIC within category of variables; % Explained Deviance – percentage of the response variable that is explained by the model; W – weight of each value within the category of 
variables. 
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Model name Explanatory variables K AIC AICc ΔAICc Null deviance Residual Deviance % Explained Deviance exp(ΔAICc/2) Weight
Demography
KPBnull null 1 361,39 361,46 3,10 25 105 25 105 0,0% 0,21241 0,09
KPBfulld AGE+GEN+NUTII+URBRUR 5 364,9 366,01 7,65 25 105 24,08 4,1% 0,02181 0,01
KPBd1 AGE 2 362,79 363,00 4,64 25 105 25 004 0,4% 0,09827 0,04
KPBd2 GEN 2 362,99 363,20 4,84 25 105 25 037 0,3% 0,08892 0,04
KPBd3 NUTII 2 358,15 358,36 0,00 25 105 24,29 3,2% 1,00000 0,42
KPBd4 URBRUR 2 364,01 364,22 5,86 25 105 24 871 0,9% 0,05340 0,02
KPBd5 AGE+NUTII 3 359,85 360,28 1,92 25 105 24,24 3,4% 0,38327 0,16
KPBd6 GEN+NUTII 3 359,95 360,38 2,02 25 105 24 256 3,4% 0,36458 0,15
KPBd7 NUTII+URBRUR 3 361,51 361,94 3,58 25 105 24 182 3,7% 0,16712 0,07
Education/Profession
KPBnull null 1 361,39 361,46 43,86 25 105 25 105 0,0% 0,00000 0,00
KPBfulle EL+HEBS+modCPP 4 317,54 318,27 0,67 25 105 18,47 26,4% 0,71650 0,37
KPBe1 EL 2 360,99 361,20 43,60 25 105 24 699 1,6% 0,00000 0,00
KPBe2 HEBS 2 320,23 320,44 2,84 25 105 21 495 14,4% 0,24171 0,12
KPBe3 modCPP 2 317,39 317,60 0,00 25 105 19 033 24,2% 1,00000 0,51
Motivation
KPBnull null 1 361,39 361,46 0,11 25 105 25 105 0,0% 0,94722 0,26
KPBfullm CUR+REC+OPP+PRO 5 364,93 366,04 4,69 25 105 24 356 3,0% 0,09582 0,03
KPBm1 CUR 2 362,64 362,85 1,50 25 105 24 978 0,5% 0,47237 0,13
KPBm2 REC 2 362,9 363,11 1,76 25 105 25 022 0,3% 0,41478 0,11
KPBm3 OPP 2 361,74 361,95 0,60 25 105 24 825 1,1% 0,74082 0,20
KPBm4 PRO 2 361,14 361,35 0,00 25 105 24 725 1,5% 1,00000 0,27
Hybrid
KPBnull null 1 361,39 361,46 53,23 25 105 25 105 0,0% 0,00000 0,00
KPBfull AGE+GEN+NUTII+URBRUR+EL+HEBS+modCPP+CUR+REC+OPP+PRO 12 313,34 319,98 11,75 25 105 15 456 38,4% 0,00280 0,00
KPBh1 AGE+NUTII+EL+HEBS+modCPP 6 306,64 308,22 0,00 25 105 16 127 35,8% 1,00000 0,64
KPBh2 NUTII+modCPP 3 313,11 313,54 5,31 25 105 18 109 27,9% 0,07017 0,05
KPBh3 NUT+EL+HEBS+modCPP 4 309,08 310,19 1,97 25 105 16 711 33,4% 0,37415 0,24
KPBh4 AGE+NUTII+modCPP 6 312,21 312,94 4,71 25 105 17 694 29,5% 0,09478 0,06
Table III. 4 - GLM models for the knowledge perceived before the activity (KPB) by category/hypothesis. K - Number of parameters; AICc - corrected Akaike information criterion; ΔAIC- difference from the lowest AIC within 
category ofvariables;  % Explained Deviance - percentage of the response variable that is explained by the model; W- weight of each value within the category of variables.
Table II.  4: GLM models for the knowledge perceived before the activity (KPB) by category/hypothesis. K – Number of parameters; AICc – corrected Akaike information criterion; ΔAIC – 
difference from the lowest AIC within category of variables; % Explained Deviance – percentage of the response variable that is explained by the model; W – weight of each value within the 
category of variabl s. 
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Model name Explanatory variables K AIC AICc ΔAICc Null deviance Residual Deviance % Explained Deviance exp(ΔAICc/2) Weight
Demography
KPAnull null 1 324,33 324,40 5,36 5 594 5 594 0,0% 0,06864 0,04
KPAfulld AGE+GEN+NUTII+URBRUR 5 317,93 319,04 0,00 5 594 4 964 11,3% 1,00000 0,58
KPAd1 AGE 2 322,61 322,82 3,78 5 594 5 452 2,5% 0,15112 0,09
KPAd2 GEN 2 323,51 323,72 4,68 5 594 5 486 1,9% 0,09636 0,06
KPAd3 NUTII 2 321,47 321,68 2,64 5 594 5 388 3,7% 0,26721 0,16
KPAd4 URBRUR 2 322,95 323,16 4,12 5 594 5 389 3,7% 0,12749 0,07
Education/Profession
KPAnull null 1 324,33 324,40 48,35 5 594 5 594 0,0% 0,00000 0,00
KPAfulle EL+HEBS+modCPP 4 275,32 276,05 0,00 5 594 3 777 32,5% 1,00000 0,62
KPAe1 EL 2 326,32 326,53 50,48 5 594 5 594 0,0% 0,00000 0,00
KPAe2 HEBS 2 289,39 289,60 13,55 5 594 4 827 13,7% 0,00114 0,00
KPAe3 modCPP 2 276,84 277,05 1,00 5 594 3 947 29,4% 0,60554 0,38
Motivation
KPAnull null 1 324,33 324,40 0,49 5 594 5 594 0,0% 0,78332 0,27
KPAfullm CUR+REC+OPP+PRO 5 328,2 329,31 5,40 5 594 5 436 2,8% 0,06719 0,02
KPAm1 CUR 2 325,14 325,35 1,44 5 594 5 548 0,8% 0,48675 0,17
KPAm2 REC 2 326,15 326,36 2,45 5 594 5 587 0,1% 0,29376 0,10
KPAm3 OPP 2 323,7 323,91 0,00 5 594 5 493 1,8% 1,00000 0,34
KPAm4 PRO 2 326,24 326,45 2,54 5 594 5 591 0,1% 0,28083 0,10
Hybrid
KPAnull null 1 324,33 324,40 48,35 5 594 5 594 0,0% 0,00000 0,00
KPAfull AGE+GEN+NUTII+URBRUR+EL+HEBS+modCPP+CUR+REC+OPP+PRO 12 277,38 284,02 7,97 5 594 3 284 41,3% 0,01858 0,01
KPAh1 AGE+GEN+NUTII+URBRUR+EL+HEBS+modCPP 8 274,65 277,47 1,43 5 594 3 429 38,7% 0,49011 0,21
Table III. 5 - GLM models for the knowledge perceived after the activity (KPA) by category/hypothesis. K - Number of parameters; AICc - corrected Akaike information criterion; ΔAIC- difference from the lowest AIC within 
category ofvariables;  % Explained Deviance - percentage of the response variable that is explained by the model; W- weight of each value within the category of variables.
Table II.  5: GLM models for the knowledge perceived after the activity (KPA) by category/hypothesis. K – Number of parameters; AICc – corrected Akaike information criterion; ΔAIC – 
difference from the lowest AIC within category of variables; % Explained Deviance – percentage of the response variable that is explained by the model; W – weight of each value within the 
category of variables. 
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Model name Explanatory variables K AIC AICc ΔAICc Null deviance Residual Deviance % Explained Deviance exp(ΔAICc/2) Weight
Demography
ΔKPnull null 1 320,09 320,16 2,38 11 509 11 509 0,0% 0,30446 0,11
ΔKPfulld AGE+GEN+NUTII+URBRUR 5 318,85 319,96 2,18 11 509 10 606 7,8% 0,33612 0,12
ΔKPd1 AGE 2 322,08 322,29 4,51 11 509 11 508 0,0% 0,10487 0,04
ΔKPd2 GEN 2 317,57 317,78 0,00 11 509 11 151 3,1% 1,00000 0,36
ΔKPd3 NUTII 2 317,73 317,94 0,16 11 509 11 141 3,2% 0,92312 0,33
ΔKPd4 URBRUR 2 321,97 322,18 4,40 11 509 11,34 1,5% 0,11080 0,04
Education/Profession
ΔKPnull null 1 320,09 320,16 36,69 11 509 11 509 0,0% 0,00000 0,00
ΔKPfulle EL+HEBS+modCPP 4 285,03 285,76 2,29 11 509 8,55 25,7% 0,31874 0,23
ΔKPe1 EL 2 316,41 316,62 33,15 11 509 11 061 3,9% 0,00000 0,00
ΔKPe2 HEBS 2 288,23 288,44 4,97 11 509 9 991 13,2% 0,08333 0,06
ΔKPe3 modCPP 2 283,26 283,47 0,00 11 509 8 705 24,4% 1,00000 0,71
Motivation
ΔKPnull null 1 320,09 320,16 4,51 11 509 11 509 0,0% 0,10496 0,05
ΔKPfullm CUR+REC+OPP+PRO 5 317,59 318,70 3,05 11 509 10 693 7,1% 0,21756 0,11
ΔKPm1 CUR 2 315,44 315,65 0,00 11 509 10 985 4,6% 1,00000 0,50
ΔKPm2 REC 2 321,55 321,76 6,11 11 509 11 466 0,4% 0,04712 0,02
ΔKPm3 OPP 2 322,04 322,25 6,60 11 509 11 505 0,0% 0,03688 0,02
ΔKPm4 PRO 2 316,44 316,65 1,00 11 509 11 063 3,9% 0,60653 0,30
Hybrid
ΔKPnull null 1 320,09 320,16 41,29 11,509 11,509 0,0% 0,00000 0,00
ΔKPfull AGE+GEN+NUTII+URBRUR+EL+HEBS+modCPP+CUR+REC+OPP+PRO 12 277,4 284,04 5,17 11,509 6,883 40,2% 0,07527 0,04
ΔKPh1 GEN+NUTII+modCPP+CUR+PRO 6 277,28 278,86 0,00 11,509 7,718 32,9% 1,00000 0,47
ΔKPh2 GEN+NUTII 3 315,69 316,12 37,25 11,509 10,823 6,0% 0,00000 0,00
ΔKPh3 GEN+modCPP 3 282,69 283,12 4,25 11,509 8,527 25,9% 0,11921 0,06
ΔKPh4 GEN+CUR 3 310,17 310,60 31,73 11,509 10,44 9,3% 0,00000 0,00
ΔKPh5 GEN+PRO 3 311,6 312,03 33,16 11,509 10,545 8,4% 0,00000 0,00
ΔKPh6 NUTII+modCPP 3 280,61 281,04 2,17 11,509 8,335 27,6% 0,33728 0,16
ΔKPh7 NUTII+CUR 3 312,79 313,22 34,35 11,509 10,601 7,9% 0,00000 0,00
ΔKPh8 NUTII+PRO 3 314,14 314,57 35,70 11,509 10,704 7,0% 0,00000 0,00
ΔKPh9 modCPP+CUR 3 280,18 280,61 1,74 11,509 8,356 27,4% 0,41818 0,20
ΔKPh10 modCPP+PRO 3 283,2 283,63 4,76 11,509 8,562 25,6% 0,09238 0,04
ΔKPh11 CUR+PRO 3 315,15 315,58 36,71 11,509 10,811 6,1% 0,00000 0,00
Table III. 6 - GLM models for the variation of perceived knowledge (ΔKP) by category/hypothesis. K - Number of parameters; AICc - corrected Akaike information criterion; ΔAIC- difference from the lowest AIC within category 
ofvariables;  % Explained Deviance - percentage of the response variable that is explained by the model; W- weight of each value within the category of variables.
Table II.  6: GLM models for the variation of perceived knowledge (ΔKP) by category/hypothesis. K – Number of parameters; AICc – corrected Akaike information criterion; ΔAIC – difference 
from the lowest AIC within c teg ry of variables; % Explained Deviance – ercentage of the respons  variable that is explained by the model; W – weight of each value within t e tegory of 
variables. 
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Model name Explanatory variables K AIC AICc ΔAICc Null deviance Residual Deviance % Explained Deviance exp(ΔAICc/2) Weight
Demography
AEBnull null 1 187,9 187,97 1,71 185,29 185,29 0,0% 0,42562 0,20
AEBfulld AGE+GEN+NUTII+URBRUR 5 191,42 193,00 6,74 185,29 177,42 4,2% 0,03431 0,02
AEBd1 AGE 2 188,04 188,25 1,99 185,29 184,04 0,7% 0,36972 0,17
AEBd2 GEN 2 189,26 189,47 3,21 185,29 185,26 0,0% 0,20089 0,09
AEBd3 NUTII 2 186,05 186,26 0,00 185,29 180,05 2,8% 1,00000 0,47
AEBd4 URBRUR 2 190,37 190,58 4,32 185,29 184,37 0,5% 0,11533 0,05
Education/Profession
AEBnull null 1 187,9 187,97 29,81 185,29 185,29 0,0% 0,00000 0,00
AEBfulle EL+HEBS+modCPP 4 163,64 164,37 6,21 185,29 137,64 25,7% 0,04485 0,03
AEBe1 EL 2 181,87 182,08 23,92 185,29 177,87 4,0% 0,00001 0,00
AEBe2 HEBS 2 159,07 159,28 1,12 185,29 155,07 16,3% 0,57065 0,35
AEBe3 modCPP 2 175,25 175,46 17,30 185,29 153,25 17,3% 0,00017 0,00
AEBe4 EL+HEBS 3 157,73 158,16 0,00 185,29 151,73 18,1% 1,00000 0,62
AEBe5 HEBS+modCPP 3 167,11 167,54 9,38 185,29 143,11 22,8% 0,00919 0,01
Motivation
AEBnull null 1 187,9 187,97 0,00 185,29 185,29 0,0% 1,00000 0,32
AEBfullm CUR+REC+OPP+PRO 5 193,45 194,56 6,59 185,29 183,45 1,0% 0,03703 0,01
AEBm1 CUR 2 189,13 189,34 1,37 185,29 185,13 0,1% 0,50370 0,16
AEBm2 REC 2 189,28 189,49 1,52 185,29 185,28 0,0% 0,46730 0,15
AEBm3 OPP 2 189,22 189,43 1,46 185,29 185,22 0,0% 0,48153 0,15
AEBm4 PRO 2 188,62 188,83 0,86 185,29 184,62 0,4% 0,65000 0,21
Table III. 7 - GLM models for the attitude estimated before the activity (AEB) by category/hypothesis. K - Number of parameters; AICc - corrected Akaike information criterion; ΔAIC- difference from the lowest AIC within category 
ofvariables;  % Explained Deviance - percentage of the response variable that is explained by the model; W- weight of each value within the category of variables.
Table II.  7: GLM models for the attitude estimated before the activity (AEB) by category/hypothesis. K – Number of parameters; AICc – corrected Akaike information criterion; ΔAIC – difference 
from the lowest AIC within category of variables; % Explained Deviance – percentage of the response variable that is explained by the model; W – weight of each value within the category of 
variables. 
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Model name Explanatory variables K AIC AICc ΔAICc Null deviance Residual Deviance % Explained Deviance exp(ΔAICc/2) Weight
Demography
AEAnull null 1 57 788 57,86 0,00 55 788 55 788 0,0% 1,00000 0,40
AEAfulld AGE+GEN+NUTII+URBRUR 5 67 285 68,87 11,01 55 788 51 285 8,1% 0,00406 0,00
AEAd1 AGE 2 59 674 59,88 2,03 55 788 55 674 0,2% 0,36284 0,15
AEAd2 GEN 2 59 637 59,85 1,99 55 788 55 637 0,3% 0,36962 0,15
AEAd3 NUTII 2 62 124 62,33 4,48 55 788 54 124 3,0% 0,10659 0,04
AEAd4 URBRUR 2 58 522 58,73 0,88 55 788 52 522 5,9% 0,64547 0,26
Education/Profession
AEAnull null 1 57 788 57,86 5,90 55 788 55 788 0,0% 0,05222 0,03
AEAfulle EL+HEBS+modCPP 4 63 719 64,45 12,49 55 788 37 719 32,4% 0,00194 0,00
AEAe1 EL 2 56 378 56,59 4,64 55 788 52 378 6,1% 0,09847 0,06
AEAe2 HEBS 2 51 742 51,95 0,00 55 788 47 742 14,4% 1,00000 0,61
AEAe3 modCPP 2 63 127 63,34 11,39 55 788 41 127 26,3% 0,00337 0,00
AEAe4 EL+HEBS 3 52 972 53,40 1,45 55 788 46 972 15,8% 0,48480 0,29
AEAe5 HEBS+modCPP 3 61 866 62,29 10,34 55 788 37 866 32,1% 0,00568 0,00
Motivation
AEAnull null 1 57 788 57,86 0,00 55 788 55 788 0,0% 1,00000 0,33
AEAfullm CUR+REC+OPP+PRO 5 62 896 64,01 6,15 55 788 52 896 5,2% 0,04619 0,02
AEAm1 CUR 2 59 483 59,69 1,84 55 788 55 483 0,5% 0,39920 0,13
AEAm2 REC 2 59 781 59,99 2,13 55 788 55 781 0,0% 0,34394 0,11
AEAm3 OPP 2 58 951 59,16 1,30 55 788 54 951 1,5% 0,52086 0,17
AEAm4 PRO 2 58 254 58,46 0,61 55 788 54 254 2,7% 0,73802 0,24
Table III. 8 - GLM models for the attitude estimated after the activity (AEA) by category/hypothesis. K - Number of parameters; AICc - corrected Akaike information criterion; ΔAIC- difference from the lowest AIC within category 
ofvariables;  % Explained Deviance - percentage of the response variable that is explained by the model; W- weight of each value within the category of variables.
Table II.  8: GLM models for the attitude estimated after the activity (AEA) by category/hypothesis. K – Number of parameters; AICc – corrected Akaike information criterion; ΔAIC – difference 
from the lowest AIC within category of variables; % Explained Deviance – percentage of the response variable that is explained by the model; W – weight of each value within the category of 
v riables. 
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Model name Explanatory variables K AIC AICc ΔAICc Null deviance Residual Deviance % Explained Deviance exp(ΔAICc/2) Weight
Demography
ΔAEnull null 1 184,14 184,21 0,39 182,14 182,14 0,0% 0,82348 0,28
ΔAEfulld AGE+GEN+NUTII+URBRUR 5 189,2 190,31 6,49 182,14 175,2 3,8% 0,03896 0,01
ΔAEd1 AGE 2 184,42 184,63 0,81 182,14 180,42 0,9% 0,66698 0,23
ΔAEd2 GEN 2 186,13 186,34 2,52 182,14 182,13 0,0% 0,28365 0,10
ΔAEd3 NUTII 2 183,61 183,82 0,00 182,14 177,61 2,5% 1,00000 0,34
ΔAEd4 URBRUR 2 187,59 187,80 3,98 182,14 181,59 0,3% 0,13670 0,05
Education/Profession
ΔAEnull null 1 184,14 184,21 25,50 182,14 182,14 0,0% 0,00000 0,00
ΔAEfulle EL+HEBS+modCPP 4 163,13 163,86 5,15 182,14 137,13 24,7% 0,07628 0,04
ΔAEe1 EL 2 183,15 183,36 24,65 182,14 179,15 1,6% 0,00000 0,00
ΔAEe2 HEBS 2 158,5 158,71 0,00 182,14 154,5 15,2% 1,00000 0,52
ΔAEe3 modCPP 2 169,06 169,27 10,56 182,14 147,06 19,3% 0,00509 0,00
ΔAEe4 EL+HEBS 3 158,71 159,14 0,43 182,14 152,71 16,2% 0,80733 0,42
ΔAEe5 HEBS+modCPP 3 165,37 165,80 7,09 182,14 141,37 22,4% 0,02890 0,02
Motivation
ΔAEnull null 1 184,14 184,21 0,09 182,14 182,14 0,0% 0,95674 0,30
ΔAEfullm CUR+REC+OPP+PRO 5 188,1 189,21 5,09 182,14 178,1 2,2% 0,07845 0,02
ΔAEm1 CUR 2 185,7 185,91 1,79 182,14 181,7 0,2% 0,40861 0,13
ΔAEm2 REC 2 186,11 186,32 2,20 182,14 182,11 0,0% 0,33287 0,10
ΔAEm3 OPP 2 185,75 185,96 1,84 182,14 181,75 0,2% 0,39852 0,13
ΔAEm4 PRO 2 183,91 184,12 0,00 182,14 179,91 1,2% 1,00000 0,31
Table III. 9 - GLM models for the variation of estimated attitude (ΔAE) by category/hypothesis. K - Number of parameters; AICc - corrected Akaike information criterion; ΔAIC- difference from the lowest AIC within category 
ofvariables;  % Explained Deviance - percentage of the response variable that is explained by the model; W- weight of each value within the category of variables.
Table II.  9: GLM models for the variation of estimated attitude (ΔAE) by category/hypothesis. K – Number of parameters; AICc – corrected Akaike information criterion; ΔAIC – difference from 
the lowest AIC within category of variables; % Explained Deviance – percentage of the response variable that is explained by the model; W – weight of each value within the category of 
variables. 
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Model name Explanatory variables K AIC AICc ΔAICc Null deviance Residual Deviance % Explained Deviance exp(ΔAICc/2) Weight
Demography
ΔAPnull null 1 84 434 84,50 0,00 82 434 82 434 0,0% 1,00000 0,43
ΔAPfulld AGE+GEN+NUTII+URBRUR 5 94 792 95,90 11,40 82 434 78 792 4,4% 0,00335 0,00
ΔAPd1 AGE 2 85 612 85,82 1,32 82 434 81 612 1,0% 0,51696 0,22
ΔAPd2 GEN 2 85 418 85,63 1,13 82 434 81 418 1,2% 0,56962 0,24
ΔAPd3 NUTII 2 89 055 89,27 4,76 82 434 81 055 1,7% 0,09243 0,04
ΔAPd4 URBRUR 2 88 121 88,33 3,83 82 434 82 121 0,4% 0,14745 0,06
Education/Profession
ΔAPnull null 1 84 434 84,50 16,96 82 434 82 434 0,0% 0,00021 0,00
ΔAPfulle EL+HEBS+modCPP 4 81 147 81,87 14,33 82 434 55 147 33,1% 0,00077 0,00
ΔAPe1 EL 2 83 292 83,50 15,96 82 434 79 292 3,8% 0,00034 0,00
ΔAPe2 HEBS 2 67 336 67,55 0,00 82 434 63 336 23,2% 1,00000 0,69
ΔAPe3 modCPP 2 80 134 80,34 12,80 82 434 58 134 29,5% 0,00166 0,00
ΔAPe4 EL+HEBS 3 68 713 69,14 1,60 82 434 62 713 23,9% 0,45044 0,31
ΔAPe5 HEBS+modCPP 3 79 956 80,38 12,84 82 434 55 956 32,1% 0,00163 0,00
Motivation
ΔAPnull null 1 84 434 84,50 0,24 82 434 82 434 0,0% 0,88673 0,25
ΔAPfullm CUR+REC+OPP+PRO 5 87 716 88,83 4,56 82 434 77 716 5,7% 0,10205 0,03
ΔAPm1 CUR 2 84 052 84,26 0,00 82 434 80 052 2,9% 1,00000 0,28
ΔAPm2 REC 2 84 393 84,60 0,34 82 434 80 393 2,5% 0,84324 0,24
ΔAPm3 OPP 2 86 377 86,59 2,32 82 434 82 377 0,1% 0,31270 0,09
ΔAPm4 PRO 2 85 892 86,10 1,84 82 434 81 892 0,7% 0,39852 0,11
Table III. 10 - GLM models for the variation of perceived attitude (ΔAP) by category/hypothesis. K - Number of parameters; AICc - corrected Akaike information criterion; ΔAIC- difference from the lowest AIC within category 
ofvariables;  % Explained Deviance - percentage of the response variable that is explained by the model; W- weight of each value within the category of variables.
Table II.  10: GLM models for the variation of perceived attitude (ΔAP) by category/hypothesis. K – Number of parameters; AICc – corrected Akaike information criterion; ΔAIC – difference 
from the lowest AIC within category of variables; % Explained Deviance – percentage of the response variable that is explained by the model; W – weight of each value within the category of 
variables. 
